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Abstract 
The work presented here outlines pilot cross sectional investigations of ambient 
submicrometer particles in the region of Salzburg, Austria contributing to the understanding 
of the role of the local sources, particularly motor vehicle emissions, on particle 
concentration and size characteristics in ambient air. Measurements of submicrometer 
particle size distribution in five locations in Salzburg and its vicinity were conducted using 
the TSI Model 3394 Scanning Mobility Particle Sizer (SMPS). The particle size distributions 
in the urban roadside environment of Salzburg are characterised by three peaks at 
approximately 0.04, 0.07 and 0.16 μm, the relative height of which varying for different days. 
The mountainous non-roadside sites’ particle size distributions are different to those in the 
urban environment and are, in general, characterised by broader peaks shifted towards larger 
diameters. Significantly higher particle concentrations (up to 39 x 104 particles cm-3) were 
recorded at the sampling sites located in the immediate vicinity of major traffic routes. These 
concentrations were on average an order of magnitude higher than the suburban location 
isolated from an immediate impact of traffic. Traffic emissions did not seem to affect 
airborne concentrations of other monitored pollutants to the same effect as particle number 
concentrations. The mountainous non-roadside sites had lower particle number 
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concentrations than Salzburg background concentrations, but for some of the sites the 
concentrations were not significantly decreased.  
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1. INTRODUCTION 
The presence of particles in the air has far reaching consequences as it affects human health 
as well as the environment. Thus concentrations and other characteristics of particles are 
measured to address various aspects of risk assessment and risk management. There is 
increasing recognition that adverse health effects from exposure to airborne particulate matter 
and specifically to fine particles could be more significant than from exposure to many other 
airborne pollutants (Vedal, 1997). Small airborne pollutant particles have large diffusion 
coefficients and thus a very high probability of deposition in the alveoli. Environmental risks 
related to the airborne particles include the effects of particles while they are airborne, as well 
as after they are deposited. A major environmental risk relates to the nature and magnitude of 
climatic forcing by particles while they are airborne on local, regional and global scales.  
As with any natural ecosystem, high altitude environments may be vulnerable to air pollution 
and the need for protection against the adverse effects of air pollution requires application of 
efficient control and management strategies. One important element for developing such 
strategies is the understanding of pollution source characteristics, source apportionment and 
the role of local pollution sources versus transboundary transported pollution. 
To date, information available on particle characteristics in Salzburg is restricted to PM10. 
Much of the research conducted in other European high altitude environments focuses on the 
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mass of larger particles: total suspended particles (TSP), or PM10 (mass concentration 
of particles with aerodynamic diameter smaller than 10 μm) (Monn et al., 1995), with a small 
number of studies including some aspects of fine or ultra fine particle measurements (smaller 
than 2.5 μm and 0.1 μm, respectively) (Hering et al.,1998; Schwikowski et al., 1995). The 
research on PM10 and TSP for comparison of urban, rural and alpine concentrations was 
conducted in Switzerland (Monn et al., 1995) and showed seasonal variation of particle 
pollution with peak levels during winter and autumn, mainly during cold-temperature 
inversions. The alpine sites showed considerably lower levels of concentration. In 1993, TSP 
levels in urban Swiss areas were higher than 40 μg m-3, in suburban regions 30 μg m-3 and in 
alpine regions < 20 μg m-3 (Monn et al., 1995). PM10 ranged between 10 μg m-3 (alpine) and 
33 μg m-3. 
Other studies have involved abnormal events such as a Saharan dust episode at high alpine 
site of Jungfraujoch (3450 m) Switzerland. In this event an increase in the coarse particle 
number concentration was accompanied by a decrease in the ultrafine particle number. This 
was explained by coagulation processes in the Saharan air mass (Schwikowski et al., 1995). 
The aim of the work presented here was to conduct investigations of ambient submicrometer 
particles at urban roadside locations and elevated (relative to the road-side) non-roadside 
locations in Salzburg, Austria. By comparison of the particle characteristics between the two 
types of locations and with literature it was intended that the research contribute towards 
developing understanding of the role of the local sources, particularly motor vehicle 
emissions, on particle concentration and size characteristics in the ambient air. Due to the 
time constraints on the duration of the project, only cross sectional studies were undertaken 
including one or a few days of measurements of submicrometer particle size distribution in a 
small number of locations in Salzburg and its vicinity.  While studies of this nature can not 
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provide sufficient information to conclude on source inventories, they still contribute 
knowledge on size distribution and concentration levels in the investigated regions and on the 
impacts of local pollution sources. There was no information of this nature available for this 
region.  
To maximise the outcomes of the project, the cross sectional measurements were conducted 
at the locations of permanent or semi-permanent monitoring stations, thus allowing for 
comparison of the measured particle concentration levels with the concentration levels of 
other monitored pollutants in the area. In the absence of local data on particle size 
distributions from the local sources (motor vehicles operated on various types of locally 
available fuels, industrial contributions, etc), the measured shapes of particle size 
distributions were compared with the distributions of environmental aerosols from the library 
of distributions available at the Environmental Aerosol Laboratory at the Queensland 
University of Technology, Brisbane, for the similar or the same type of sources.  
 
2. EXPERIMENTAL 
2.1. Site selection 
The measurements of submicrometer particle characteristics in the region of Salzburg, 
Austria were performed over a period of three weeks in October 1998.  There were five sites 
selected for the measurements: one reference site representing an urban background area, 
with a relatively large number of measurements over the entire measurement period 
conducted at this site (Site 1); two urban roadside sites with a few runs of measurements 
conducted at each site (Sites 2 and 3) and; two elevated non-roadside locations higher in the 
mountains where only individual runs of measurements were conducted (Sites 4 and 5). A 
description of each of the sites is presented below. The selected sites were permanent (Site 1) 
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or semi-permanent (Sites 2, 3, 4, and 5) monitoring stations, where continuous 
monitoring of certain air quality and/or meteorological parameters is conducted.  
The general climatic character of the Salzburg (city and country) is influenced by prevailing 
westerly winds and thus by oceanic weather patterns which bring relatively cool Atlantic to 
polar air masses as they advance from the north-west. These Westerlies bring humid Atlantic 
air resulting in a moderate climate with four distinct seasons and moods with precipitation 
maxima during the summer months. The alpine arc is situated south of Salzburg City and 
spans across the Swiss-Austrian landscape thus separating the lowland areas (Flachgau, 
Tennengau) from the mountainous highlands (Pinzgau, Pongau, and Lungau). This separation 
enables the nearly unhindered penetration of maritime air masses into the lowland areas while 
the highland interiors strongly display a continentally shaped pattern. Winds originating 
entirely form the west as such are very rarely observed. If such a weather pattern occurs it 
usually results in less abundant precipitation compared to if the winds prevail from the north-
west. The mesoclimate of the city of Salzburg is appropriately situated in the humid range 
with yearly precipitation of average 1300mm and annual temperature averages of 9°C. The 
relatively frequent manifestation of Chinook winds originating from low pressure systems 
that build up south or south-west of the alpine arc. Such a low pressure system often 
originates from branching arms of Atlantic low-pressure systems, stretching out or crossing 
over the Iberian peninsula while migrating eastwards. An annual average of 25, in some years 
up to 75, Chinook (foehn) days can be counted as a result of those southerly low pressure 
systems. 
Site 1: University  
The University site presents a typical urban residential area in the Salzburg region. The 
sampling point was located in front of the Radio-Ecological Laboratory at a ground level. 
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The laboratory is situated at the end of the university building and opposite botanic 
gardens. The closest major road was approximately 500 meters from the sampling point.  
Site 2: Rudolfsplatz  
The measuring instrumentation was located inside a semi-permanent environmental 
monitoring station in the middle of a roundabout. The site is representative for an urban type 
of environment close to a busy traffic road. The roundabout is located next to the river with 
one of the four streets coming towards the roundabout directly from a bridge. The sampling 
point was approximately 4 m from the roads and at 1.2 m above ground. The traffic was 
regulated by traffic lights and was of an urban type, stop – start mode. The traffic flow rate at 
the peak time is estimated at the level of 3500 – 4000 vehicles/h.  
Site 3: Sterneckstrasse  
The instrumentation was located inside a semi-permanent environmental monitoring station 
next to an intersection between Sterneckstrasse and Linzer Bundesstrasse. The site is 
representative for an urban type of environment close to a busy traffic road. The intersection 
is located in a street canyon type topography with a set of buildings surrounding both roads. 
The traffic at the intersection was regulated by traffic lights, changing the flow direction in 
approximately every two minutes. Each of the roads carries urban traffic in five lanes (2+3 
each). The sampling point was approximately 5 m from the roads and at 1.2 m above ground.  
The monitoring station was located close (10 m) to a petrol station servicing mainly small 
passenger cars. The traffic was of an urban type, stop – start mode. Based on a visual 
estimation  (over 30 minutes, 3 times per day) the traffic contains approximately 20-30% of 
heavy (diesel) vehicles and buses and 70-80% of small petrol and diesel cars. The traffic flow 
rate varied during the day with the morning peak traffic estimated to be about 3600 
vehicles/h.  
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Site 4: Gaisberg  Mountain  
The Gaisberg Mountain is part a mountain range surrounding Salzburg. The sampling site 
was located on the top of the mountain at the altitude of 1200 m above see level. The traffic 
at Gaisberg was very limited with only a few cars per hour arriving at a small car park. The 
site is representative for an Alpine  - rural type environment, with the vegetation a possible 
additional source of particles to the transported urban pollutants. A petrol generator located 
down wind from the measuring site was used to provide power for the measuring 
instrumentation. The wind direction was monitored visually  (using wind sock.). 
Site 5: Tamsweg 
Tamsweg is a small town in the Lungau district at an altitude of 1040 m above sea level. It is 
located in the inner alpine region of Austria. The measurement site was in a section of the 
town with very low traffic flow and a relatively high density of residential houses that may 
result in some local sources. 
2.2. Sampling procedure 
The TSI Model 3394 Scanning Mobility Particle Sizer (SMPS) was used in this study to 
measure the size distribution of submicrometer airborne particles.  For these measurements, a 
window of 0.013 to 0.830 μm was selected. The SMPS sampling was conducted in 
continuously repeated 5 minutes scanning runs through the entire sampling time at each 
particular location. 
In addition to the particle size distributions, various meteorological and pollutant 
measurements were conducted at the sampling sites (or in the proximity of the sampling sites) 
on a continuous basis. In particular, CO, NO2, and SO3 were measured at Mirabellplatz (the 
nearest sampling site to Sterneckstrasse; also ozone was measured at this site) and 
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Rudolfsplatz. Temperature, wind speed, wind    direction and relative humidity were measured 
at all stations apart from Gaisberg, where only wind direction was measured.  
 
2.3. Data analysis 
Statistical comparisons of the particle and gaseous concentrations between the sites were 
performed by employing one way Analysis of Variance (ANOVA). The purpose of one-way 
ANOVA is to find out whether data from several groups have a common mean. That is, to 
determine whether the groups are actually different in the measured characteristic. The p-
value from the hypothesis test that the groups have a common mean is provided where the 
tests have been performed. 
 
3. RESULTS AND DISCUSSION 
Table 1 presents a summary of the sampling times and meteorological conditions for each of 
the sampling sites during the measurements and Table 2 presents the average concentrations 
of the pollutants recorded as a part of routine monitoring at the respective site for the times 
when particle number monitoring was conducted at these sites. The ranges of submicrometer 
particle number median diameter (NMD) and particle concentration measured by the SMPS, 
for each day of sampling, by sampling site are presented Table 3.  
3.1. Concentration levels of particles and comparison with other pollutants 
a) Comparisons within Salzburg 
 
No air pollutant monitoring station was located in the immediate proximity to the University 
sampling site. The closest monitoring station to the University was located at Rudolfsplatz 
and for the purpose of comparison between concentration levels of particles and pollutant 
levels, the data from this station was used for the University site. The data is not meant to be 
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representative of background levels at the University site. Instead, it is intended to 
provide additional information on the relationships between the pollutant levels and specific 
meteorological and/or particle pollution episodes.    
University. Monitoring at the University site was conducted on six, not always 
consecutive, days. There was a prolonged rainfall on one of these days (5/9/98) and very 
stagnate, wind free conditions on another day (22/9/98). The conditions did not differ 
significantly between the remaining four days. Inspection of Tables 2 and 3 shows that 
concentration of individual pollutants varied little for theses four days. Averaged particle 
number concentration for these four days was of the order of 4.8 x 103 particles cm-3, of PM10 
of the order of 45 μg m-3, of CO of the order of 88 ppm and of NO2 and SO2 of the order of 
23 and 25 ppb, respectively. 
On the rainy day concentrations of all the monitored pollutants was lower than on the other 
days. However, while concentrations of other pollutants were only moderately decreased 
compared with the assessed average for the four days (97%, 79%, 81% and 72% for CO, 
PM10, SO2 and NO2 respectively), the concentration of submicrometer particles was 
significantly lower, by approximately 7 times, compared to the average. Thus, an observation 
that could be made based on these results is that, it would appear that the wash out effect 
plays a very important role in removing submicrometer particles from the air. 
On the other hand, on the wind free day (22/9/98), particle number concentration was 
elevated, about 2.5 times over the average for the four non rainy days, while of all the other 
pollutants, only the CO concentration was elevated (about 1.3 times). 
Rudolfsplatz. On all three days when the measurements were conducted at the 
Rudolfsplatz site particle number concentrations were significantly higher than at the 
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University site with the average for the three days assessed to be about 3.0 x 104 particles 
cm-3, which is about 6 times higher than at the University site.  
Sterneckstrasse. Inspection of pollutant concentrations for the Sterneckstrasse reveals 
that the particle number concentrations are significantly elevated compared to the University 
site concentrations. Compared to Rudolfsplatz, on the other hand, the difference in 
concentrations of all of the pollutants are not statistically significant when the means are 
tested with one-way ANOVA (p = 0.843). Average particle number concentration for this site 
was assessed to be about 2.2 x 104   particles cm-3, which is comparable to the concentrations 
at the Rudolfsplatz (p=0.502). Both these sites are in a close proximity to busy roads that 
carry comparable level of traffic.  
Gaisberg. Only particle number concentration was measured at this site, and the 
concentration levels for the day of measurements were about half of the average 
concentrations down in Salzburg, at the University site and an order of magnitude lower than 
the measured particle concentrations levels sampled at the roadside location of 
Sterneckstrasse on the same day (23/9/98). 
Tamsweg. Both particle number concentrations and PM10 levels were lower at this site 
than at the University site in Salzburg but ~ 1.5 times higher than at the non-roadside location 
in Gaisberg. Being a small town, the site is affected by the local sources, but the degree of 
this effect would need to be further assessed by more measurements. On the other hand, 
compared to the roadside sites the concentration levels measured at Tamsweg were 
considerably lower. 
 
b) Comparisons with other sites 
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Figures 1 a and b present the average particle number and PM10 concentrations measured at 
the urban roadside and elevated non-roadside locations, respectively. In addition, particle 
concentrations reported in the literature for these types of environments are also included for 
comparison. 
With the exception of those measured in Birmingham (Harrison et al., 1999) the roadside 
particle number concentration levels at Rudolfsplatz and Sterneckstrasse are similar to other 
sites around the world (see Figure 1a). It is the elevated PM10 concentration levels measured 
at Rudolfsplatz that are different from all of the other sites. This is especially noticeable for 
the 9/9/98 measurements when, despite particle numbers measured at similar if not lower 
concentrations than the other sites, the PM10 concentrations are the highest. This feature is 
similar to that displayed by the particle number and mass concentration levels measured near 
a Paris high flow road (Ruellan and Cachier, 2001) and may be a result of a similarity in 
aerosol source types at both locations. It is very likely a reflection of the larger particles 
measured near the roadsides in Salzburg and Paris. Further investigations were performed by 
comparisons between number size distributions collected in Salzburg and are presented later 
in this paper. 
The particle number concentrations measured at the non-roadside locations in Salzburg are 
lower (except for the University 22/9/98 measurements) than those measured at the other 
sites presented in Figure 1b. The PM10 concentrations, on the other hand, are all similar to 
those measured at the other non-roadside sites around the world. 
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3.2. Number size distributions   
University. The averaged number size distribution (NSD) for each of the days’ 
measurements at the University site is provided in Figure 2. In general, the distributions are 
characterised by three peaks, the relative height of which varying for different days. 
The first prominent peak in the NSD collected at this site is between 0.02 and 0.04 μm. 
Comparison of the location of this peak with those available in the library of the NSD at the 
QUT EAL reveals that it is most likely related to gasoline exhaust emissions (Ristovski et al 
1998). While it is a feature of the majority of the samples collected at the University, the 
predominance of this peak is best visible in the distributions collected on the night of the 
22/9/98 (see Fig. 2). The submicrometer particle concentrations during this day’s sampling 
were noticeably higher. The higher concentrations may be attributed to the decrease in wind 
strengths for this day. The prevailing wind conditions were of the order of 1 to 2 m s-1 for the 
first five days’ sampling but dropped to ~ 0 m s-1 for the 22/9/98. 
A characteristic of most of the NSD for the samples collected on the 4/9/98 and for some 
collected on the other days, is the presence of two more peaks at approximately 0.07 and 0.16 
μm. While these two additional peaks are only represented by slight inflections in the average 
distributions for the sampling days other than the 4/9/98, the peaks are nonetheless present. 
On that particular day (4/9/98), the peak at 0.07 μm often exceeds the gasoline exhaust peak 
in magnitude.  
Tests performed at the QUT EAL have shown NSD from diesel fuel emissions to have a 
dominating peak between 0.08 and 0.12 μm (Morawska et al 1998). The presence of the 
peaks in the NSD at 0.07 μm for the University site could be considered as resulting from 
diesel emissions. A significant fraction of motor vehicles in Salzburg operates on diesel fuel 
(approximately 53%) and while the location of the peak is shifted towards a slightly lower 
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size range than that of the diesel peaks in the QUT EAL library of spectra, variations are 
expected due to a range of factors affecting vehicle combustion process.  
The location of the peak at 0.16 μm has been explained in previous studies (Morawska et al., 
1999) as reflecting that of cloud processing of coagulating nuclei aerosol that shifts particles 
between 0.05 and 0.1 μm and larger up to diameters of around 0.2 to 0.3 μm. The peak is 
usually only seen in marine or background aerosols. However, under typical urban influences 
the peak is usually expected to be masked by the presence of the dominating traffic-
influenced aerosols that peak, in this instance, at 0.02 to 0.04 μm and 0.08 to 0.12 μm. While 
there has been limited information on modality in the NSD, it is interesting to note that in the 
majority of aerosol samples studied by Morawska  et al. (1999) and by other researchers there 
appears to be a mode in the volume or mass distribution at approximately 0.2 μm. This would 
suggest that a peak (however small) often exists at this particle size in the number distribution 
but is often not revealed except in mass distribution samples.  Alternatively, Harrison et al. 
(1999) have reported instances of roadside emission samples containing a varied number of 
peaks with a few containing peaks at between 0.1 and 0.2 μm. While further source 
interpretation was not performed, it was concluded that vehicular sources vary widely in their 
emission characteristics and measurements close to the source may therefore reflect this. This 
interpretation, however, was not supported by the road side studies conducted in Brisbane 
(Morawska et al., 1999a). 
While the wind conditions for most of sampling days were consistently at moderate strengths 
(ie. average between 1 and 2 m s-1), it is important to note that the winds were at a maximum 
strength for the entire time of sampling for the 4/9/98. Furthermore, at times of other high 
wind strengths for the remaining sampling days, the three peaks were often observed. For the 
22/9/98, when the peaks at 0.07 and 0.16 μm were noticeably absent (or masked by the 
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magnitude of the 0.04 μm peak) the winds were mostly of the order of 0 m s –1. The peak 
may be therefore interpreted as a result of mixing and interactions of these aerosols with 
other non-localised sources aerosols in the vicinity of the university. 
Rudolfsplatz. The averaged NSD for each of the days’ measurements at the 
Rudolfsplatz site is provided in Figure 3a. As is the case for the NSD for the size distributions 
recorded at the University, a typical NSD for the Rudolfsplatz measurements have three 
peaks that are most distinctively present on 7/9/98 and 9/9/98 (see Fig. 3a). These peaks are 
also located at approximately 0.03, 0.07 and 0.16 μm. The location of these peaks varied 
during the sampling time and the rapid changes in peak locations are typical for a very close 
proximity to a road representing a multiplicity of individual sources (vehicles) of 
characteristics varying even for similar vehicles operating on the same fuel. These peaks are 
not present in the NSD collected routinely in the ambient air of Brisbane (Morawska et al., 
1998) and their occurrence at the larger particle diameters explain the increased PM10 
concentrations relative to Brisbane, Birmingham and other urban roadside sites as described 
in the previous section.     
As indicated earlier, there is very little change to the 0.16 μm peak. Hence, it was considered 
not representative of the motor vehicular sources. The variation in the other locations of the 
peaks within a short period of time is illustrated in the size distributions collected from 16:19 
to 17:04 on 7/9/98 (see Fig. 3b). The sampling site at Rudolfsplatz is located in the immediate 
vicinity of a major traffic route in the city. It is not unreasonable to assume, therefore, that the 
aerosol NSDs collected at this site will be heavily influenced by freshly generated particles 
from vehicular emissions, and only negligibly influenced by particle aging processes. 
Therefore, the variation in particle size distributions may imply largely different sources 
rather than the influences of particle processes.  
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The measurements conducted on the 8/9/98 provided an averaged distribution for the day 
with one broad peak centred at about 0.04 μm. This average NSD is similar to that obtained 
for the University sampling on the 22/9/98 for similar low wind conditions (compare Figures 
2 and 3a). However, while the University NSD measured on the 22/9/98 were all similar, the 
broad width of the peak at 0.04 μm for the Rudolfsplatz NSD is related to the fact that the 
peak locations for the individual measurements were varied.  
Sterneckstrasse. The average NSD for the three sampling days at Sterneckstrasse as 
presented in Figure 4a. The first two days’ distributions are similar with broad peaks located 
about 0.04 – 0.05 μm. The final day’s measurements represent samples from only morning 
measurements and while the location of the mode and the average size distribution in this 
instance is not dissimilar to the other days, the modes appears to be combined of two closely 
located peaks. 
The proximity of the Sterneckstrasse sampling site to traffic related aerosol sources and the 
influences of various source types (passing individual motor vehicles) are reflected in the 
rapid variation in the NSD. The variations in the distributions are illustrated on the example 
of the distributions recorded on the evening of the 23/9/98 are over short time periods (see 
Figure 4b). The evening distributions from the 24/9/98 also resemble those from the evening 
of the 23/9/98 with a multi-peak nature.  
Gaisberg. Major features of the NSD collected at the mountain site of Gaisberg are two 
peaks: the major broad peak of NMD of about 0.07 μm and the second about 0.25 μm. The 
average size distribution collected at Gaisberg is presented in Figure 5. The first peak may be 
considered likely to be the result of the influences of a variety of aerosol sources both local 
such as biogenic emissions from the mountain and from the urban areas of Salzburg. In the 
latter case, the aerosol may be well mixed during transportation before being diffusion 
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limited at approximately 0.07 μm. As was the case for the University aerosol distributions, 
the peak at 0.25 μm may be reflecting that of cloud processing of coagulating nuclei aerosol. 
Given the location of the sampling site in this instance, the influences of the background non-
urban sources are less unexpected than those of the University samples. 
Tamsweg. The averaged number size distribution (NSD) for the day’s measurements at 
the Tamsweg site are provided in Figure 6. Two peaks are present in the distribution at 
approximately 0.03 and 0.11 μm. The majority of the measurements collected at this 
mountain site display this type of distribution and in fact, neither the location of the peaks nor 
the concentration varied during the course of the day. While the peak location during these 
measurements remains unchanged, in these instances the peak at 0.03 μm dominates which 
could be a possible influence of the local traffic and possibly gasoline emissions. It is likely 
that a vehicle has passed the monitoring site at these times. With the limited number of 
samples collected, it is difficult to identify the source of the second peak. It is likely that the 
peak consists of aged aerosols that have been transported to that area, but could also be 
influenced by some local sources.  
4. CONCLUSIONS 
The main conclusions from the pilot cross sectional investigations of ambient submicrometer 
particles in the region of Salzburg, Austria could be summarised as follows: 
In general, the size distributions in the urban environment of Salzburg are characterised by 
three peaks, the relative height of which varying for different days. The first two peaks, that 
are located in the range of 0.03 – 0.04 μm and in the range of 0.07 μm, could be attributed to 
petrol and diesel emissions, respectively. The third peak, located around 0.16 μm has been 
associated with background, aged and interacted aerosol. 
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• The non-roadside site particle size distributions are different to those in the 
roadside environments and are in general characterised by broader peaks and NMD 
shifted towards larger diameters. This would be a characteristic of aged, well-mixed 
aerosol during transportation before they reached the sites.  
• As expected, significantly higher particle concentrations were recorded at the sampling 
sites located in the immediate vicinity of major traffic routes (Rudolfsplatz and 
Sterneckstrasse) and the range as well as average values of these concentrations were 
quantified. These concentrations were on average six times higher that the suburban non-
roadside location isolated from an immediate impact of traffic (University site). Both sites 
were characterised by a similar traffic flow rate of about 3500 to 4000 cars/h at peak 
traffic. 
• Traffic emissions did not appear to affect airborne concentrations of other monitored 
pollutants to the same effect as particle number concentrations. This is a very important 
observation, as it implies that monitoring of for example PM10 or CO can not be used as 
surrogate for particle number emissions or concentrations. 
• While rain resulted in significant decrease of particle number concentration, and very low 
wind speeds in significant increase of the concentrations, the effect of theses two types of 
meteorological conditions on concentration levels of other pollutants was very small if 
any. 
• In general, the elevated non-roadside sites had lower particle number concentrations than 
Salzburg background concentrations, but for one of the sites (Tamsweg), that was 
surrounded by potential anthropogenic sources, the concentrations were not significantly 
lower. Further insight as to the contributing sources at these locations and the variations in 
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concentration levels could only be obtained through measurements that are 
more comprehensive. 
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Table 1: Sampling sites, sampling times and meteorological conditions during sampling  
 
Day Time Site Meteorological conditionsa  Comments 
Temp 
(0C) 
Wspd 
(m s-1) 
Wdrn 
(0) 
RH 
(%) 
4/9/98 14:00 – 17:30 University 21-23 1-2.1 350-70 63-74 Wind speeds decreasing and 
changing from northerly to 
southerly during measurements 
5/9/98 10:00 – 19:30 University 11-16 0.3-2.6 150-80 91-94 Characterised by rainy periods 
and shifting winds 
6/9/98 13:30 – 23:30 University 10-16 0-1.6 140-220 77-94 Some rainy periods with winds 
decreasing with time 
7/9/98 16:00 – 18:30 Rudolfsplatz 19-22 0.3-1.1 270-310 62-86  
8/9/98 09:20 – 12:30 Rudolfsplatz 15-16 0.2-0.5 160-70 92-94 Some light rainy periods 
9/9/98 09:20 – 19:20 Rudolfsplatz 19-27 0.2-1.1 40-320 37-82 Winds shifting and decreasing 
during measurements 
10/9/98 12:00 – 17:30 Tamsweg 19-27 0.6-1.2 30-300 36-68 Winds shifted from westerly to 
south easterly during 
measurements 
11/9/98 12:30 – 19:30 University 14-19 0.3-3.1 290-20 75-94 Strong northerly winds early in 
measurement period decreasing 
to north westerly by end 
12/9/98 10:30 – 16:30 University 10-12 0.5-2.3 130-60 79-94 Uncharacteristically cool with 
rain periods and changing 
winds 
22/9/98 21:00 – 00:20 University 9-11 0.1-0.3 180-350 91-94 Strong winds decreasing during 
measurements 
23/9/98 14:10 – 16:15 Gaisberg 16-17 0.3-1.2 170-320 55-63 Cloudy with no rain  
inversion (at the beginning of 
measurements) with fog, 
clearing to a sunny day with 
light/to moderate wind 
 17:00 – 24:00 Sterneckstrasse 10-16 0-0.7 150-210 66-96  
24/9/98 00:00 – 24:00 Sterneckstrasse 7-19 0-2.0 80-340 57-96 Winds mostly stronger and 
north-north westerly during 
daytime measurements 
25/9/98 00:00 – 08:40 Sterneckstrasse 9-13 0-0.6 30-340 77-96  
 
a meteorological conditions data presented as ranges  
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Table 2: The average concentrations of the routine monitored pollutants for the times 
when particle number measurements were conducted. 
 
Day Site CO  
(ppm) 
PM10 
(μg m-3) 
SO2 
(ppb) 
NO2 
(ppb) 
O3 
(ppb) 
4/9/98 Rudolfsplatz 91 38 21 19  
5/9/98 Rudolfsplatz 76 37 18 15  
6/9/98 Rudolfsplatz 97 47 27 25  
7/9/98 Rudolfsplatz 113 38 26 28  
8/9/98 Rudolfsplatz 120 57 32 30  
9/9/98 Rudolfsplatz 99 63 32 26  
10/9/98 Tamsweg  27    
11/9/98 Rudolfsplatz 80 57 28 25  
12/9/98 Rudolfsplatz 84 48 20 21  
22/9/98 Rudolfsplatz 110 42 27 24  
23/9/98 Gaisberg      
 Sterneckstrasse 72 33 17 20 12 
24/9/98 Sterneckstrasse 71 24 11 18 14 
25/9/98 Sterneckstrasse 67 29 13 14 13 
 
Table 3: Particle number median diameters (NMD) and concentration ranges and average 
values of NMD and concentrations for the study period by date and site 
 
Day Site NMD 
range  
(μm) 
NMD 
average 
(μm) 
Concentration 
range 
(cm-3) 
Concentration 
average  
(cm-3) 
4/9/98 University 0.048 – 0.065 0.059 (3.6 – 11) x 103 5.4 x 103
5/9/98 University 0.033 – 0.062 0.045 (3.2 – 13) x 102 7.0 x 102
6/9/98 University 0.038 – 0.053 0.045 (2.5 – 9.6) x 103 5.0 x 103
7/9/98 Rudolfsplatz 0.044 – 0.059 0.053 (1.3 – 2.4) x 104 1.8 x 104
8/9/98 Rudolfsplatz 0.048 – 0.063  0.054 (1.9 – 6.7) x 104 5.0 x 104
9/9/98 Rudolfsplatz 0.043 – 0.071 0.058 (8.0 – 39) x 104 2.1 x 104
10/9/98 Tamsweg 0.043 – 0.098 0.073 (2.1 – 8.5) x 103 3.8 x 103
11/9/98 University 0.051 – 0.061 0.054 (3.0 – 6.5) x 103 4.7 x 103
12/9/98 University 0.027 – 0.053 0.042 (1.3 – 9.0) x 103 4.2 x 103
22/9/98 University 0.051 – 0.061 0.059 (9.4 – 15) x 104 1.2 x 104
23/9/98 Gaisberg 0.070 – 0.106 0.084 (1.5 – 3.1) x 103 2.4 x 103
 Sterneckstrasse 0.042 – 0.077 0.060 (1.1 – 5.5) x 104 2.6 x 104
24/9/98 Sterneckstrasse 0.027 – 0.083 0.059 (4.7 – 84) x 103 2.0 x 104
25/9/98 Sterneckstrasse 0.045 – 0.084 0.058 (9.0 – 76) x 103 2.0 x 104
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Figure 1: Particle number and mass PM10) concentrations measured (a) at the roadside 
locations in Salzburg and comparisons with literature and (b) at the non-roadside locations in 
Salzburg and comparisons with literature 
 
Figure 2: Averaged number size distributions for each day of measurements at the University 
site 
 
Figure 3: Rudolfsplatz site (a) Averaged number size distributions for each day of 
measurements and (b) Number size distributions with variations in peak locations measured 
between 16:19 and 17:04 on 7/9/98 
 
Figure 4: Sterneckstrasse site (a) Averaged number size distributions for each day of 
measurementsn and (b) Number size distributions with multi-peak characteristics measured 
on 23/9/98 
 
Figure 5: Averaged number size distributions for each day of measurements at the Gaisberg 
site 
 
Figure 6: Averaged number size distributions for each day of measurements at the Tamsweg 
site 
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